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Abstract

Non-invasive functional diagnosis of tendon and
ligament in vivo is very important for clinical orthopedics.
In this study, a modal testing system that combining the
ultrasonic imaging and the accelerometers was used to
estimate the resonant frequency of Achilles tendon. The
Achilles tendon that connects with soleus, gastrocnemius
muscle and calcaneus behaves like a “three stings system”.
A physical model of the Achilles tendon has been
constructed which reveals that the resonant frequency of
the Achilles tendon in young human subjects is about
23.0Hz ~ 34.7Hz (N = 10). Fundamental resonant
frequency correlates inversely with the length of the tendon
and increases with its tension. A dimensionless state
index (SI) was suggested to reflect the function of Achilles
tendon after reconstruction. A higher SI represents a
greater difference in resonant frequency between the
compact Achilles tendon and the injured one.

Keywords: ultrasound, achilles tendon, mechanical
properties, resonant frequency.
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Fig. 1 Schematic of apparatus for the resonant frequency of Achilles tendon in vivo. Anatomically, the
Achilles tendon connects the Gastrocnemius and Soleus muscles to the Calcaneus
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Fig. 2 Physical model of Achilles tendon, subscript [1] represent the Soleus muscle; [2] Achilles tendon; [3]
Gastrocnemius muscle
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Resonant frequencies of Achilles tendon
predicted by three-string physical model:
17Hz is the resonant frequency of the mus-
cles at the lower legs; resonant frequency
of the Achilles tendon is located at about
24Hz, whereas 38Hz is its second harmonics
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Table 1 Anatomical parameters of soft tissues surrounding the Achilles tendon
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